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MPIAbstract Aim: This study aims at using peak lateral tricuspid annular systolic velocity (ST) andright ventricular myocardial performance index (RV-MPI) as predictors of RV infarction (RVI)
and subsequently localizing the culprit lesion in the proximal right coronary (RCA) rather than
other locations [the distal RCA or dominant left circumﬂex (LCX) artery].
Patients: 30 patients suffering from acute inferior infarction, were subjected to early conventional
and pulsed wave tissue Doppler echocardiographic examinations, measuring (ST) and calculating
RV-MPI. Half of the patients had the culprit lesion proximal to the RV branch of the RCA and
the other half had non-proximal RCA occlusion.
Results: ST values were signiﬁcantly reduced in patients with RVI. Cutoff value of ST was found to
be 11.9 cm/s with a sensitivity 80.0%, speciﬁcity 93.3%, positive predictive value 92.3% and nega-
tive predictive value 82.4% in the identiﬁcation of proximal RCA lesion as the culprit lesion.
The calculated RV-MPI was signiﬁcantly different; its mean value was 0.666 ± 0.118 in the
proximal RCA vs. 0.524 ± 0.133 in the non-proximal RCA patients. RV-MPI cutoff value proved
to be 0.50 with sensitivity 80%, speciﬁcity 66.7%, negative predictive value 76.9% and positive
predictive value 70.6%.
328 W. Adel et al.Conclusion: RVI caused by a proximal RCA lesion could be predicted using TDI to assess ST and
RV-MPI from the tricuspid annulus. Patients with ST < 11.9 cm/s and RV-MPIP 0.5 indicated
most probably occlusion of the proximal RCA.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology.1. Introduction
In patients with acute inferior myocardial infarction (MI),
right ventricular (RV) involvement has clinical implications
and is an independent predictor of the prognosis.1 The diagno-
sis of RV infarction is commonly based on the presence of
ST-segment elevation in right precordial ECG leads such as
V4R. However, these ﬁndings are transient and often disap-
pear during the ﬁrst hours after infarction.2
Two-dimensional echocardiographic assessment of RV
function has been considered difﬁcult because of the complex
shape of the right ventricle.3 Due to the difﬁculties in detecting
endocardial borders, methods such as fractional area change
and assessment of visual wall motion abnormalities are not al-
ways applicable. Other parameters used to assess RV function
in MI patients include displacement of the AV plane of the RV
free wall (tricuspid annular motion, TAM)4 and tricuspid
annular velocity by tissue Doppler imaging (TDI).5
Tissue Doppler imaging, which measures myocardial veloc-
ities, can reliably assess RV-MI.6 It allows quantitative assess-
ment of RV systolic function. Systolic tissue Doppler velocity
of the tricuspid annulus has been studied as an index of RV
function in patients with heart failure. Peak systolic values
<11.5 cm/s were proven to identify the presence of ventricular
systolic dysfunction with a sensitivity and speciﬁcity of 90%
and 85%, respectively.5
TDI has also been used to determine systolic and diastolic
time intervals and myocardial performance index MPI (Tei in-
dex). Although the isovolumic contraction and relaxation
times (IVCT and IVRT, respectively) are slightly longer when
measured by TDI vs. pulsed Doppler, it has been shown that
TDI-determined Tei index correlates well with the Tei index
determined by ﬂow Doppler, and thus represents a simple
method of assessing RV myocardial performance with the
advantage of simultaneous recording of systolic and diastolic
velocity patterns.7
The blood supply of the RV varies according to the domi-
nance of the coronary system. In a right-dominant system,
which is found in >80% of the population, the right coronary
artery supplies most of the RV.8 Proximal occlusion of the
right coronary artery (RCA), particularly that is proximal to
the RV branch, is accepted as the culprit commonly responsi-
ble for RV infarction.9
TDI method assessing myocardial function impairment
could be considered a diagnostic tool that can be used to detect
the culprit lesion localization in patients with acute inferior MI.
The peak tricuspid annular systolic velocity (ST) and RV-MPI
values obtained by TDI can give correct and reliable informa-
tion about the localization of the culprit lesion along theRCA.10
We carried out this study aiming at using ST and RV-MPI
of the RV as a predictor of RV infarction and subsequently
localizing the culprit lesion in the RCA rather than other loca-
tions (the distal RCA or dominant left circumﬂex (LCX)
artery).2. Patients
This study included 30 patients presented to the coronary care
units of Ain-Shams University Hospital and National Heart
Institute with a ﬁrst attack of acute inferior myocardial infarc-
tion in the period between March and July 2012.
2.1. Inclusion criteria
Acute inferiorMIwas deﬁnedby chest pain lasting for>30 min,
characteristic ST-segment elevation ofP0.1 mV in the inferior
leads. The presence of an RV-MI in association with an inferior
MI was deﬁned by an ST-segment elevation ofP0.1 mV in V4
through V6R lead. Also a creatine kinase-MB value more than
twice that of the highest reference laboratory value.
2.2. Exclusion criteria
Included ST segment elevation less than 1 mm in the inferior
leads, or ST segment elevation in leads other than the inferior
leads, presence of bundle branch block or conditions causing
ECG changes like pericarditis, myocarditis and electrolyte dis-
turbances. Patients in whom the culprit lesion could not be
identiﬁed during coronary angiography were also excluded.
3. Methods
The patients were subjected to detailed history taking, clinical
examination, electrocardiogram (including right chest leads
V4R through V6R), necessary laboratory tests, conventional
M-mode, 2D trans-thoracic echocardiographic examination,
conventional and tissue Doppler study, and coronary
angiography.
3.1. Conventional echocardiographic examination
After stabilization (amelioration of chest pain) and within the
ﬁrst 48 h of the infarction, all patients were subjected to de-
tailed conventional echocardiographic examination using GE
Vivid Five echocardiographic system with a broadband 2.5–
4 MHz phased array transducer equipped with Doppler tissue
imaging mode. Standard views were taken following the rec-
ommendations of the American society of echocardiography11
for:
 Estimation of LVEF using Biplane modiﬁed Simpson’s
method.12
 Assessment of ventricular regional wall motion
abnormalities.
 Measurement of end-diastolic and end-systolic
dimensions.
 Presence of mitral or tricuspid regurgitation (TR) and
calculation of RV systolic pressure (RVSP).
rmance index as predictors 3293.2. Pulsed wave tissue Doppler imagingAll patients were examined by pulsed wave tissue Doppler
imaging (Fig. 1) from the apical four-chamber view. The
TDI cursor was placed at the lateral tricuspid annulus in such
a way that the annulus moved along the sample volume line to
estimate the following:
a. Peak systolic velocity at the lateral tricuspid annulus
(ST): a major positive wave recorded with the move-
ment of the annulus toward the cardiac apex during sys-
tole in three cardiac beats and the mean value was
calculated in cm/s. In the TDI images, ST duration
was measured as the ejection time (ET).
b. Ejection time (ET): calculated from the beginning to the
end of the ST.
c. Isovolumic relaxation time (IVRT): the time between the
end of the ST and the beginning of the E prime (E
0).
d. Isovolumic contraction time (IVCT): the time between
the end of A prime at the tricuspid annulus (AT) and
the beginning of ST.
e. Right ventricular myocardial performance index (MPI):
calculated as (IVRT + IVCT)/ET.10
3.3. Coronary angiography
Coronary angiography was performed in all patients to detect
the culprit lesion within the ﬁrst week after the MI. Total or
subtotal occlusion of the coronary artery supplying the asyner-
gic ﬁeld, as seen in the features of arteriography as a result of
acute thrombosis or dissected plaque, was accepted as the
deﬁning features for the culprit lesion.
Patients were divided into two groups according to the ana-
tomical site of the RCA lesion in relation to the origin of the
RV branch as following:
Tissue Doppler systolic annular velocity and myocardial perfoFigure 1 Pulsed-wave tissue Doppler at the tricuspid level of the
lateral right ventricular wall in a normal individual. MPI:
myocardial performance index; IVRT: isovolumic relaxation time;
IVCT: isovolumic contraction time; Ejct: ejection time; St, peak
systolic velocity at the lateral tricuspid annulus; Et, peak early
ﬁlling velocity at the tricuspid annulus; At, peak late ﬁlling (atrial)
velocity at the tricuspid annulus.26 Non-proximal RCA culprit (group A): includes
patients with the culprit lesion either distal to the RV
branch of right coronary artery or the circumﬂex
artery.
 Proximal RCA culprit (group B): includes patients with
the culprit lesion proximal to the RV branch of the
right coronary artery
3.4. Statistical analysis
All demographic, clinical, and technical data were collected
and tabulated using the ‘‘Data Collection Form’’ and entered
into a computerized database. Statistical analyses were
performed using SPSS for Windows (version 11.0, SPSS Inc,
Chicago, Illinois). Continuous variables were presented as
mean ± 1 standard deviation (SD) and categorical variables
as numbers and percentages. Comparisons between the groups
were made by Student’s t-test for continuous variables and
Fisher’s Exact test for categorical variables. Bivariate correla-
tions were analyzed by Spearman’s test as indicated. A p value
of less than 0.05 was considered of statistical signiﬁcance.
Cut-off values of both ST and RV-MPI were estimated
from ROC curve with determination of sensitivity, speciﬁcity,
positive predictive value and negative predictive value of these
cut-off levels in identiﬁcation of proximal RCA lesion as the
culprit lesion.
4. Results
Demographic, clinical and laboratory data analysis showed
that there was no statistical signiﬁcance between the two
groups {non-proximal RCA culprit (group A) and proximal
RCA culprit (group B)} except for the presence of congested
neck veins and ST elevation in the right ventricular leads which
were both signiﬁcantly higher in group B (p value 0.001,
Table 1).
Conventional echocardiographic data analysis (Table 2) re-
vealed no statistically signiﬁcant difference between the two
studied groups regarding the EDD, ESD, EF, the presence
of TR and RVSP.
4.1. Tissue Doppler data
Tissue Doppler data analysis demonstrated that ST value was
signiﬁcantly lower in group B (proximal RCA lesions) com-
pared to group A (non-proximal RCA lesions). ST in group
B ranged from 9.4 cm/s to 16 cm/s with a mean of
11.36 ± 2.04 cm/s, while in group A patients, it ranged from
10.5 cm/s to 16 cm/s with a mean of 13.36 ± 1.49 cm/s
(p= 0.002).
The calculated RV-MPI was signiﬁcantly higher in group B
compared to group A. RV-MPI in the proximal RCA lesion
(group B) ranged from 0.38 to 0.8 with a mean of
0.67 ± 0.12, while in the non-proximal RCA lesion (group
A) it ranged from 0.37 to 0.8 with a mean value of
0.52 ± 0.13 (p= 0.004).
Using the ROC curve, the cutoff value of ST was found to
be 11.9 cm/s with a sensitivity 80.0%, speciﬁcity 93.3%, posi-
tive predictive value 92.3% and negative predictive value
82.4% in identiﬁcation of proximal RCA lesion as the culprit
Table 1 Baseline demographic, clinical and laboratory characteristics of the study groups.
Group A (non-proximal RCA culprit) (n= 15) Group B (proximal RCA culprit) (n= 15) p Value
Age (years) (mean ± SD) 53.4 ± 10.5 53.5 ± 10.5 0.99
Gender
Male (n, %) 11 (73.3%) 14 (93.3%) 0.14
Female (n, %) 4 (26.7%) 1 (6.7%)
Hypertension (n, %) 11 (73.33%) 9 (60%) 0.44
Diabetes (n, %) 8 (53.3%) 5 (33.3%) 0.27
Dyslipidemia (n, %) 8 (53.3%) 5 (33.3%) 0.27
Smoking (n, %) 5 (33.3%) 15 (50%) 0.07
HR (bpm) (mean ± SD) 80.7 ± 9.7 78.6 ± 8.9 0.53
DBP (mmHg) (mean ± SD) 82.3 ± 9.4 76.7 ± 11.8 0.16
SBP (mmHg) (Mean ± SD) 139.3 ± 25.2 127.3 ± 23.7 0.19
Congested neck veins (n, %) 1 (6.7%) 10 (66.8) 0.001*
CK total (mean ± SD) 1296.3 ± 215.1 1346 ± 217.8 0.54
CK MB (mean ± SD) 174.1 ± 41.3 185.4 ± 59.2 0.55
ST elevation in RT leads (n, %) 1 (6.67%) 15 (100%) <0.001*
* Denotes a statistically signiﬁcant value.
Table 2 Comparison between the two studied groups regarding the echocardiographic ﬁndings.
Group A (non-proximal RCA culprit) (n= 15) Group B (proximal RCA culprit) (n= 15) p Value
EDD (cm) (mean ± SD) 5.3 ± 0.5 5.3 ± 0.5 0.76
ESD (cm) (mean ± SD) 3.6 ± 0.5 3.6 ± 0.6 0.86
EF (%) 57.1 ± 5.4 57.5 ± 5.6 0.82
TR (n, %) 8 (53.3%) 9 (60%) 0.71
RVSP (mmHg) (mean ± SD) 25 ± 9.6 25 ± 9.6 0.92
RV free wall hypokinesia (n, %) 0 (0.0%) 5 (33.3%) 0.014*
ST (cm/s) (mean ± SD) 13.6 ± 1.5 11.4 ± 2 0.002
*
RV-MPI (mean ± SD) 0.52 ± 0.13 0.67 ± 0.12 0.004*
* Denotes a statistically signiﬁcant value.
Figure 2 ROC curve for sensitivity and speciﬁcity of the ST cut
off level (11.9 cm/s) for culprit RCA lesion localization.
330 W. Adel et al.lesion. Also the cutoff value of RV-MPI was found to be 0.50
with a sensitivity 80%, speciﬁcity 66.7%, positive predictive
value 70.6% and negative predictive value 76.9% (Table 3,
Figs. 2 and 3).
5. Discussion
Although the clinical triad of hypotension, absence of pulmon-
ary congestion, and elevated jugular venous pressure is quite
speciﬁc for the suspicion of RV-MI, the sensitivity is only
10–25%. Even using additional ECG chest leads, which is
the most common modality used for the diagnosis of RV-
MI, remains insufﬁcient when compared with autopsy-proven
MI.13
In this study RV-MI was not associated with hemodynamic
impairment, the BP and HR recordings in the acute stage were
not signiﬁcantly different between the two studied groups. This
could be related to the extent of RV involvement. Similarly a
study by Witt et al.14 revealed that RV infarction is usually
associated with depressed RV function, although it does not
always lead to hemodynamic impairment. This is also consis-
tent with other data showing that RV-MI is often silent, with
only 20–30% of patients developing clinically evident hemody-
namic manifestation.15
RV ischemia or infarction resulting from occlusion of a
dominant RCA can lead to various degrees of RV ischemia
and/or necrosis: (1) grade I, necrosis of less than 50% of the
RV posterior wall; (2) grade II, necrosis limited to, andinvolving more than 50% of the posterior wall; (3) grade III,
necrosis of the posterior wall and less than 50% of the anter-
olateral wall; and (4) grade IV, necrosis of the RV posterior
wall and more than 50% of the anterolateral wall. This path-
ologic classiﬁcation explains why differing degrees of RV
ischemic necrosis can cause variable effects on the hemody-
namics in RV-MI.16
Figure 3 ROC curve for sensitivity and speciﬁcity of the RV-
MPI cut off level (0.5) for culprit RCA lesion localization.
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sion in patients with inferior MI. These results were supported
by Mittal et al.17 who reported that raised jugular venous pres-
sure had high speciﬁcity (96.8%) but low sensitivity (39%) in
diagnosing RV infarction.
Our results revealed that an ST-segment elevation of
P1 mm in lead V4R was statistically signiﬁcant in the predic-
tion of proximal RCA as the culprit lesion. This was supported
by many studies such as those of Antman et al.18 and Braat
et al.19 who reported that right sided ST-segment elevation,
particularly in lead V4R, correlates closely with occlusion of
the proximal RCA and is indicative of acute RV injury. More-
over, Zehender et al.20 had reported that ST-segment elevation
in V4R had a sensitivity and speciﬁcity for concurrent RV
infarction of 88% and 78%, respectively.
In the current study CK and its MB fraction were of no sta-
tistically signiﬁcant difference between the two groups. This
came in accordance with a study by Hedstrom et al.21 who
found that patients with inferior MI and RV-MI had similar
peak levels of creatine kinase (CK) and CK-MB as those with
inferior MI and they are related to the injury size rather than
its site.
When we studied the diagnostic value of the ST in the iden-
tiﬁcation of proximal RCA disease with suspected RV-MI, we
noticed that tricuspid annular systolic velocity decreased in
inferior MI patients with the culprit lesion in the proximal
RCA compared to those with the culprit lesion in the distal
RCA. These results were concordant with the results of previ-
ous studies.9,22
Alam et al.22 reported that the peak systolic velocity of the
tricuspid annulus at the RV free wall was signiﬁcantly reduced
in inferior MI compared to that in healthy individuals andTable 3 Sensitivity, speciﬁcity, positive predictive value and negative
culprit lesion along the RCA.
Cutoﬀ Sensitivity (%) Speciﬁcity (%)
ST < 11.9
* 80.0 93.3
RV-MPI > 0.5* 80.0 66.7
* Denotes a statistically signiﬁcant value.patients with anterior MI. In addition, compared to patients
without ECG signs of RVI, patients with RV-MI had also a
signiﬁcantly decreased peak systolic tricuspid annular systolic
velocity. Their results suggested that tricuspid annular systolic
velocity by TDI can be used to assess RV infarction in associ-
ation with inferior MI.
Moreover, Rambaldi et al.23 reported that signiﬁcant RCA
disease can be identiﬁed with the assessment of systolic velocity
obtained by pulsed-wave TDI from the RV free wall close to
the lateral tricuspid annulus in the apical four-chamber view
during dobutamine stress echocardiography.
In our study, we demonstrated the ability of tricuspid annu-
lar systolic velocity to predict RV-MI. A cut-off value of ST
11.9 cm/s could identify proximal RCA lesion as a culprit for
suspected RV-MI, with a high speciﬁcity (93.3%) and a rela-
tively high sensitivity (80%).
Ozdemir et al.10 reported that the right ventricular systolic
velocity obtained by TDI was observed to be signiﬁcantly low-
er in patients with proximal RCA lesion compared to those
with distal RCA or LCX as the culprit lesion. They reported
a mean ST 11.5 ± 2.5 cm/s (95% CI, 10.5–12.4 cm/s) in prox-
imal RCA group vs. 15.1 ± 3 cm/s in distal RCA, and
14.9 ± 2.6 cm/s, in LCX artery. Accordingly, they considered
a value of 12 cm/s as the cutoff value with a sensitivity, speci-
ﬁcity, negative predictive value, and positive predictive value
of 63%, 88%, 74%, and 81%, respectively, in the identiﬁcation
of proximal RCA as the culprit lesion and prediction of RV-
MI.
Meluzin et al. in 20015 reported that an ST velocity less than
11.5 cm/s was predictive of a RV dysfunction with a sensitivity
of 90% and a speciﬁcity of 85%.
In another study conducted by Witt et al. in 201014 tricus-
pid annular systolic velocities were signiﬁcantly reduced in pa-
tients with, compared to those without, ST elevation in V4R
(11.1 vs. 13.7 cm/s, p< 0.01), with a cutoff value of 13 cm/s
having sensitivity and speciﬁcity of 89% and 71%, respec-
tively, for identifying patients with ST elevation in V4R. They
concluded that tricuspid annular velocity assessed by TDI may
be used as a marker of RV involvement in the acute ﬁrst infe-
rior STEMI.
One possible reason for the difference from our cutoff value
for ST, compared to some other studies, may be the fact that
they had used ofﬂine TDI and we had applied online analysis.
Another possible reason may be attributed to the small num-
ber of patients in our study.
In this study we found the calculated RV-MPI is signiﬁ-
cantly higher in patients with proximal RCA lesion. We no-
ticed that RV-MPI of >0.50 may be of signiﬁcance in
identiﬁcation of proximal RCA disease with 80% sensitivity,
66.7% speciﬁcity, 70.6% PPV and 76.9% NPV.
Other studies10 considered cut off values for RV-MPI of
0.70 with sensitivity, speciﬁcity, negative predictive value,predictive value of the ST and RV-MPI in the localization of the
PPV (%) NPV (%) Accuracy (%)
92.3 82.4 84.2
70.6 76.9 68
332 W. Adel et al.and positive predictive value of 94%, 80%, 97% and 63%
respectively, in identifying RV-MI and in showing the proxi-
mal RCA lesion as the culprit lesion.
In a study done by Fan et al. in 200524, ST was found to be
signiﬁcantly reduced in patients with proximal RCA lesion and
RV-MI as compared to those with non-proximal RCA lesion
(7.0 ± 2.0 cm/s vs. 8.7 ± 1.9 cm/s, p< 0.01). RV Tei index
in patients with proximal RCA lesion and RV-MI also in-
creased as compared to those with non-proximal RCA lesion
(0.65 ± 0.19 vs. 0.40 ± 0.15; p< 0.01).
Also Karkouros et al. in 201125 concluded that ST was
signiﬁcantly lower and RV-MPI was signiﬁcantly higher in
patients with RV-MI compared to patients without RV-MI
and controls. They also found that patients with proximal
RCA lesion had lower ST and higher RV-MPI than patients
with distal RCA or left coronary lesion.
6. Conclusion
In patients with an ST elevation inferior MI, both ST and RV-
MPI assessed from the lateral tricuspid annulus by TDI are
sensitive markers of RV involvement. In patients who show
ST < 11.9 cm/s and RV-MPIP 0.5 the infarct related artery
is most probably the proximal right coronary artery before giv-
ing the RV branch. We speculate that RV-MI and a proximal
RCA lesion could be predicted correctly by the use of these
parameters, which are easily obtained by TDI.
7. Study limitations
First, we did not study the relation between percent of coro-
nary stenosis to the TDI measurements or the effect of pres-
ence or absence of coronary collaterals. It is possible that the
accuracy of TDI might be lower in the presence of good
collaterals.
Moreover, only subjects with sinus rhythm were included in
this work and thus the results need to be tested separately in
patients with abnormal rhythms as AF or resting conduction
defect as LBBB.
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